Introduction: Volume of moderate-to-vigorous physical activity completed during the elementary school day is insufficient, and associated with health risks. Improvements in theory-based psychosocial factors might facilitate increased out-of-school physical activity. Methods: A behaviorally based after-school care protocol, Youth Fit 4 Life, was tested for its association with increased voluntary, out-of-school physical activity and improvements in its theory-based psychosocial predictors in 9-to 12-year-olds. Results: Increases over 12 weeks in out-of-school physical activity, and improvements in self-regulation for physical activity, exercise self-efficacy, and mood, were significantly greater in the Youth Fit 4 Life group (n = 88) when contrasted with a typical care control group (n = 57). Changes in the 3 psychosocial variables significantly mediated the group-physical activity change relationship (R 2 = .31, P < .001). Change in self-regulation was a significant independent mediator, and had a reciprocal relationship with change in out-of-school physical activity. In the Youth Fit 4 Life group, occurrence of 300 min/wk of overall physical activity increased from 41% to 71%. Conclusions: Targeting theory-based psychosocial changes within a structured after-school care physical activity program was associated with increases in children's overall time being physically active. After replication, large scale application will be warranted.
Introduction
Youth in industrialized nations are less physically active than in previous decades. 1 This could lead to increases in health risks such as obesity, type 2 diabetes, cardiovascular disease, and skeletal issues. 2 Although World Health Organization and US recommendations are for children to complete ≥60 minutes of moderate or greater intensity physical activity/day, 3, 4 the volume of ≥300 min/wk has been used in both population 5 and intervention 6 research as a target. Based on accelerometer data, only 42% of US children aged 6 to 11 years reached that amount. 5 Intervention effects have been particularly weak in 8-to 12-year-olds. 7 Although there is presently an increased focus on child obesity prevention, physical education does not typically facilitate large amounts of moderate-to-vigorous activity during class time, [8] [9] [10] and after-school care usually lacks a structure for adequately administering physical activity to all participants. 11 It was proposed that programs would benefit from accepted behavior-change theory being leveraged to administer physical activity to children, while also improving evidence-based psychological predictors of their voluntary physical activity outside of the school setting. 12 There has been only sporadic theory-based research with children in this area 13, 14 ; most frequently incorporating social cognitive and self-efficacy theory. 15, 16 These paradigms view individuals as capable of managing environmental challenges through self-regulation, and being influenced by their perceptions of competence (ie, self-efficacy). 15, 16 A related model focused on health behaviorchange proposed that the psychological factors of physical self-concept, mood, coping, self-regulation, self-esteem, self-efficacy, and body image were predictors of increased physical activity. 17 That model was subsequently extended to guide treatments. [18] [19] [20] [21] Based on a summarization of associated research, it was proposed that improvements in the 3 factors of (1) usage of self-regulatory/self-management skills, (2) self-efficacy to maintain behavioral changes, and (3) mood would explain large portions of the variance in the prediction of increased physical activity, and could be impacted by interventions that are accordingly tailored. 20 Improved mood had been associated with even minimally increased volumes of physical activity in children. 22 The above propositions were recently adapted for a youth-focused curriculum (ie, Youth Fit 4 Life) in which after-school care time was structured to simultaneously improve those targeted psychosocial variables; maximize time in moderate-to-vigorous physical activity during the treatment; and increase voluntary, free-time physical activity outside of school. Its development was a collaboration of a community-based health promotion organization and a pediatric medical organization. Curriculum architects included a primary care physician, a health psychologist, health educators, exercise physiologists, registered dieticians, and health promotion administrators. Although this new protocol was associated with increased physical activity during elementary after-school care, 23 its ability to increase physical activity outside of the school setting was untested.
Thus, this study was designed to evaluate the Youth Fit 4 Life treatment's association with increased out-of-school physical activity and improvement in its putative psychosocial predictors, as well as to determine if the proposed behavioral relationships from which it was based is viable in the age range of 9 to 12 years. The field research design that was used addressed the following hypotheses:
Hypothesis 1:
The experimental after-school care treatment will be associated with greater improvements over 12 weeks in moderate-to-vigorous physical activity completed outside of school, self-regulation for physical activity, exercise self-efficacy, and overall negative mood than a control condition of typical after-school care processes. Hypothesis 2: The relationship of treatment/control condition with changes over 12 weeks in out-of-school physical activity will be significantly mediated by changes in self-regulation, self-efficacy, and mood.
In addition, determining change in which of the psychosocial variables was the strongest mediator, and to what extent treatment effects related to the attainment of a total of 300 minutes of physical activity per week, was a concern.
Methods Participants Participants were 9-to 12-year-old enrollees of YMCAmanaged after-school care in the southeastern United States. Written informed consent from each participant's parent/ legal guardian, and verbal assent from each participant was obtained. Sites randomized to the treatment condition had a higher number of participants, which yielded an unequal sample size among the treatment (n = 88) and control (n = 57) conditions. Independent t and χ 2 tests indicated no significant group difference in age (overall mean = 10.0 years; SD = 0.8), percentage of girls (overall 44.8%), race/ethnicity (overall 53.0% white, 40.0% African American, 4.8% Hispanic, 2.2% other), and body mass index (overall mean = 18.7 kg/m 2 ; SD = 4.0) at baseline. Based on the location of their elementary schools, participants' median family income was moderate at US$74 200 per year.
Measures
Guided by the extant research on administering behavioral self-report surveys to children, 24, 25 the present set of instruments measuring physical activity, self-regulation, self-efficacy, and mood were modeled conceptually after previously validated self-reports intended for older ages (Table 1 ). However, their length and items were kept as brief and unambiguous as possible to minimize burden and increase accuracy with elementary school-age participants. 26 Pilot validity and reliability testing was completed prior to this investigation with a sample of 45, 9-to 11-year-olds. Because a meta-analysis of self-administered questionnaires indicated that the mean internal consistency (Cronbach's α) for ages 9 to 10 was .65, and for ages 11 to 12 was .70, 27 based on the age range within this study the midpoint of .68 was set as the minimally acceptable internal consistency score. The traditional standard of ≥.70 was used for test-retest reliability ( Table 1) . Although accelerometers are a highly accurate measure of physical activity, and were used previously for the measurement of physical activity within an after-school care setting, 23 permission for use of this somewhat invasive measure was not granted by school administrators for this investigation. Therefore, a physical activity recall survey with acceptable reliability and validity for the present age range was instead incorporated.
Procedure
Institutional review board approval was obtained, and all research processes followed requirements of the Declaration of Helsinki. Existing after-school care counselors without previous training in physical education methods conducted treatment/control processes in either a gymnasium, all-purpose room, or outdoor area. For both the control and experimental conditions, the participant/counselor ratio was limited to 18:1, and 14 after-school sites were incorporated. According to after-school care policy, 45 min/d were dedicated to physical activity in both the treatment and control conditions. During this allotted time within the control condition, physical activities were left mostly to the discretion of the after-school care counselor. Participants often had the option of being either being physically active or sedentary. Degree of participation in activities such as running or ball games varied based on counselors' and participants' interest in physical activity.
The structured Youth Fit 4 Life protocol (age 9-12 version) was administered 4 d/wk. Youth Fit 4 Life is described in more detail elsewhere, 23, 36, 37 and overviewed here. Completion of a 6-hour training, supported by a 311-page manual detailing each lesson, was required of counselors prior to administering the Youth Fit 4 Life protocol. The protocol's segments include (1) a 5-minute warm-up, (2) 30 minutes of moderate-to-vigorous physical activity via structured games and tasks, and (3) 10 minutes of either the development of self-management/self-regulatory skills or nutrition education (on alternate days). Activities embedded in the protocol were intended to be especially inclusive of participants who were deconditioned and/or presently uninterested in sports or physical activities. The considerable attention given to self-management/self-regulatory skills were intended to foster self-efficacy through overcoming barriers to being more physically active and eating better. Instruction and practice in deep breathing and abbreviated muscle relaxation was also incorporated to help self-regulate tension, overall mood, and attentional focus. Personal goal setting, and continually assessing short-term goal progress 28 which was validated through correlations with accelerometry, peak volume of oxygen uptake, and heart rate results. [29] [30] [31] The first item required entry of number of days over the previous week (0-7) physical activities that "made you breathe hard" occurred (examples included running, swimming, soccer, and biking). Survey directions required exclusion of, ". . . physical activities completed in phys ed or after-school care." The second item asks approximately how many minutes/ bout the described exertion occurred (0-120 minutes). The 2 item responses were multiplied for an overall score Test-retest reliability (1 week) was .75. Consistent with research on older participants, 30 correspondence of scores with accelerometer-measured physical activity outputs was significant (r = .42, P < .001)
Self-regulation for physical activity Adapted from a previous scale, 32 its 5 items assess the use of methods for self-regulation/self-management (eg, "I say positive things to myself about being physically active"). Responses ranged from 1 (never) to 4 (often), and were summed
Internal consistency was α = .69, and test-retest reliability over 1 week was .77. For the present sample, internal consistency was α = .71
Exercise self-efficacy The 5 items of the abbreviated version of the Exercise Barriers Self-Efficacy Scale for Children 33 assessed self-efficacy beginning with the stem, "I am sure I can exercise most days of the week even if: . . ." Examples of item endings were, "I didn't like the activity" and "exercise was not fun." Response options ranged from 1 (not true) to 5 (definitely true), and were summed
Internal consistency was α = .78, and .77 for test-retest reliability over 1 week. 33 For the present sample, internal consistency was α = .75
Overall negative mood An abbreviated version of the Total Mood Disturbance scale 34 was used. It is an aggregate measure of depression, tension, fatigue, confusion, anger, and vigor (eg, "worn-out," "nervous," "sad"). Responses ranged from 0 (not at all) to 5 (extremely), and were aggregated to obtain an overall score Consistent with research on older participants, 34 (as opposed to competing with others), was a central treatment tenant. Periodic letters were sent/emailed to parents/ guardians informing them of recent curriculum elements and how they could support their child in the physical activity and nutrition areas covered. Trained wellness professionals administered surveys ≤5 days prior to study start (baseline), and at the end of the 12-week session. Structured fidelity checks were completed by study staff on approximately 10% of sessions, and any identified deviations from the protocol were promptly corrected primarily through interactions with the counselors.
Data Analyses
After first determining that data derived from the incorporated intention-to-treat format were missing at random, 38 and consistent with recent physical activity research for the present age range, 39 the expectation-maximization algorithm 40 was utilized for imputation of the 16% of missing cases. Both skewness and kurtosis values indicated an approximately normal distribution in the data. 41 To detect a small-to-moderate effect of f 2 = .10 at the conservative statistical power of .90 (α = .05), a minimum of 145 participants total was required. 42 Where a consistent directionality of scores was suggested by earlier related research, 20, 22, 43 statistical significance was set at α ≤ .05 (1-tailed). Otherwise, 2-tailed tests were used. Analyses were conducted using SPSS version 22 (IBM Corp, Armonk, NY).
Mixed model, repeated-measures analyses of variance were used to assess group differences in baseline to week 12 changes in all measures. This was followed up by dependent t tests to assess significance of within-group changes. For the effect sizes for Cohen's d and partial eta-squared (), .20, .50, .80; and .01, .06, .14 denote small, moderate, and large effects, respectively. As suggested for these conditions, 44 change scores from baseline to week 12 were unadjusted for baseline values.
Multiple mediation analysis (Figure 1 ), incorporating 20 000 bootstrapped resamples and controlling for sex and baseline scores, 45 assessed mediation of the relationship between treatment type (ie, treatment vs control) and change in out-of-school physical activity by changes in self-regulation, self-efficacy, and mood. Statistical significance of mediation is identified when its corresponding upper and lower confidence interval does not include 0. Where a simultaneously entered mediator was found to be significant, paired single mediation analyses (Figure 1) followed. A reciprocal, mutually reinforcing, relationship is identified if, after reversing the positions of the outcome and mediator variables, both equations demonstrate significant mediation. 46 
Results
There was no significant group difference on any study variable at baseline. There was a significant time × group difference in out-of-school physical activity, F(1, 143) = 36.35, P < .001, η p 2 = .20; self-regulation for physical activity, F(1, 143) = 13.05, P < .001, η p 2 = .08; exercise self-efficacy, F(1, 143) = 4.89, P = .015, η p 2 = .03; and negative mood, F(1, 143) = 10.17, P = .001, η p 2 = .07, that was more favorable in the treatment group. Only the treatment group demonstrated significant improvements, which were found in each of the study variables ( Table 2) .
Changes over 12 weeks in self-regulation, self-efficacy, and mood significantly mediated the group-physical activity relationship, R 2 = .31, F(8, 136) = 7.62, P < .001 (Table 3) . Only change in self-regulation was a significant independent mediator. In the planned follow-up analysis, change in self-regulation significantly mediated the treatment-physical activity change relationship, R 2 = .30, F(4, 140) = 15.16, P < .001, and change in physical activity significantly mediated the treatment-self-regulation change relationship, R 2 = .33, F(4, 140) = 16.87, P < .001 (Table 3 ). Thus, changes in self-regulation and out-ofschool physical activity had a significant reciprocal, mutually reinforcing, relationship.
Based on evidence regarding (1) the state policy for minutes per week that each participant received physical education, 47 (2) the portion of that time being in moderate or higher physical activity, 8, 10 (3) min per week of moderateto-vigorous physical activity associated with after-school care using either the Youth Fit 4 Life or typical-care condition, 23 and (4) the presently measured volume of out-ofschool physical activity; attainment of ≥300 min/wk of physical activity in the treatment group increased from 40.9% (baseline) to 70.5% (week 12). It was marginally reduced in the control group.
Discussion
Findings supported both hypotheses. The Youth Fit 4 Life treatment, but not the control, was associated with a significant improvement over 12 weeks in voluntary, out-ofschool physical activity. Also, only the treatment group demonstrated significant improvements in the targeted theory-based psychosocial variables of self-regulation for physical activity, exercise self-efficacy, and mood. In agreement with research on adults, 20 the relationship of treatment/control condition with changes in out-of-school physical activity was significantly mediated by changes in self-regulation, self-efficacy, and mood. Also consistent with previous research, 20 change in the use of self-regulatory skills was the strongest mediator within a multiple mediation analysis. The finding that the significant increases in self-regulation and physical activity reinforced one another in a reciprocal manner affirmed the importance that was placed on self-regulatory skill building within the Youth Fit 4 Life treatment.
The small but significant reduction in self-regulation in the control group might indicate that for children who are overwhelmed by a competitive environment-one in which their skills do not match perceived challenges/capabilities-their attempts at self-management became diminished through discouragement. Further research on this premise, how it might impact confidence to be physically active at these and other times and places throughout the lifespan, and what practitioners could do to counter that situation, is warranted. Within the Youth Fit 4 Life treatment, the practice of competing primarily with one's self (through shortterm goal setting and progress feedback) might encourage self-regulation because it fosters perceptions of incremental progress, self-efficacy, and motivation to persevere. Only the Youth Fit 4 Life group was associated with an increase in frequency of participants attaining the total of 300 min/wk of moderate or greater intensity physical activity. This improvement was noteworthy. The 41% baseline frequency closely corresponded to the 42% of children aged 6 to 11 years attaining the ≥300 min/wk in US populationbased research. 5 Given that congruity, a similar demographic profile within this and that research, 5 and a comparable operational structure across most after-school care programs, generalizability of the present findings was supported within the present difficult-to-change age group. 7 Limitations also require consideration. For example, although pilot findings were acceptable, the present surveys require more thorough validation research. As was suggested above, accelerometry will be a more objective measure of physical activity in extensions of this research. Although attempts were made to mask the goals of this study, the high level of treatment structure might have biased survey responses through expectation effects. While the high structure of the treatment fostered experimental control, there still might have been some nesting effects related to instructor characteristics that should be better accounted for in largersample replications. Also, the inclusion of follow-up analyses is required to evaluate retention of effects. It is suggested that the present foci of research be extended to account for sex, additional age ranges (eg, very young, adolescents), and ethnic and socioeconomic subgroups because conditions for increasing physical activity within each might differ. 48
Summary
Although within-school and after-school physical activity interventions are commonly suggested to address physical inactivity in children, 1,49 attainment of recommended volumes 3,4 remains exceedingly low. 5 Improving children's abilities to overcome personal and environmental challenges, and feelings of competence around being more physically active, is essential for increasing their overall physical activity-especially for those at most risk for inactivity and its associated health problems. The present evidence-based treatment, Youth Fit 4 Life, demonstrated promise for both supplying moderate-to-vigorous physical activity during class time and inducing free-time activity in 9-to 12-year-olds. With replication, extension, and, ultimately, wide spread application through both the community health and medical communities, positive impacts on the present and future health of many children could be considerable.
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